This paper investigates the effects of California's class size reduction program on teacher quality and student achievement in an effort to gain a comprehensive understanding of the impact of a large-scale decrease in class size. It uses year-to-year differences in class size generated by natural variation in enrollment and the state's class size reduction program to identify both the direct effects of class size reduction and accompanying changes in teacher quality. The results show that, all else equal, smaller classes raise third-grade mathematics and reading achievement, particularly for lower-income students. However, the expansion of the teaching force required to staff the additional classrooms appears to have led to a deterioration in average teacher quality in schools serving a predominantly black student body. This deterioration partially or, in some cases, fully offset the benefits of smaller classes, demonstrating the importance of considering all implications of any policy change. Encouraged by results from the Tennessee class size experiment, California enacted legislation in 1996 that reduced K-3 class sizes by roughly ten students per class at an annual cost of over $1 billion. Although the Tennessee experiment and most recent statistical analyses find that smaller classes benefit students in the early grades (particularly those who are economically disadvantaged), little evidence exists on the effects of a large-scale reduction in class size that requires the hiring of a large number of new teachers. In addition to adding many rookie teachers, such a rapid expansion of the teaching force may lead to a decline in the average quality of new hires that offsets at least some of the benefits of smaller classes over the longer term, particularly in high-poverty urban schools that have the most difficulty attracting and retaining teachers. Ross (1999) describes the influx of inexperienced, non-certified teachers into elementary schools in South Central Los Angeles following class size reduction (CSR). This influx, he reports, was prompted in part by the departure of many experienced teachers to newly created positions in more affluent communities.
Encouraged by results from the Tennessee class size experiment, California enacted legislation in 1996 that reduced K-3 class sizes by roughly ten students per class at an annual cost of over $1 billion. Although the Tennessee experiment and most recent statistical analyses find that smaller classes benefit students in the early grades (particularly those who are economically disadvantaged), little evidence exists on the effects of a large-scale reduction in class size that requires the hiring of a large number of new teachers. In addition to adding many rookie teachers, such a rapid expansion of the teaching force may lead to a decline in the average quality of new hires that offsets at least some of the benefits of smaller classes over the longer term, particularly in high-poverty urban schools that have the most difficulty attracting and retaining teachers. Ross (1999) describes the influx of inexperienced, non-certified teachers into elementary schools in South Central Los Angeles following class size reduction (CSR). This influx, he reports, was prompted in part by the departure of many experienced teachers to newly created positions in more affluent communities.
As Heckman (2001) emphasizes, it is important to consider both direct and indirect effects of a policy in order to gain a comprehensive understanding of its impact. With that in mind, this paper investigates the effects of the California CSR program on student achievement with special attention to the link between class size and teacher quality. A number of factors hinder an analysis of the overall effect of CSR. Because California did not administer statewide examinations until the 1997-1998 school year, no baseline measure of achievement prior to CSR is available. Also, the statewide implementation of CSR makes it more difficult to separate its effects from other changes including expanded school accountability, the spread of charter schools, and test score inflation.
Previous evaluations of the effects of CSR compare achievement in schools that did and did not implement CSR in the initial year. In drawing these comparisons, the reports used demographic information and student performance in non-CSR grades as controls for potentially confounding differences in students and schools.
1 Although such comparisons may well account for most of the systematic differences between timely and late adopters of CSR, these differencein-difference estimators are likely to be contaminated by the effects of CSR on non-CSR grades.
As we show below, evidence strongly suggests that the implementation of CSR also affected the composition of teachers and student achievement in grades not directly affected by CSR.
Our approach also uses differences in the timing of CSR implementation but does not compare achievement across schools on the basis of the year a school reduces class size. Instead, we remove school fixed effects and use class size and teacher characteristic changes between 1997 and 1999 to estimate the effects of smaller classes and teacher characteristics on third-grade achievement. The class size coefficients can be multiplied by the average reduction in class size under CSR to obtain estimates of the gains from reducing class size for schools with particular demographic compositions.
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Although included variables provide some information on teacher quality, these and other observable characteristics explain only a small portion of the total variation in quality as measured by teacher value added to achievement (Rivkin, Hanushek, and Kain, 2000) . Therefore we attempt to capture unmeasured changes in teacher quality in addition to the changes in observable characteristics by comparing the relationship between class size and achievement in schools that implemented CSR in 1998 or 1999 with the relationship for schools that had already implemented CSR as of 1997. This approach takes advantage of the fact that sources of within-school variation in class size for the years 1997 and 1999 differ systematically with the timing of CSR implementation. On the one hand, class size variation between 1997 and 1999 for early adopters (1996 or 1997) stems almost entirely from natural shifts over time in enrollment that are unlikely to be related to teacher quality changes. Estimates of class size effects for these schools should 4 capture the direct effect of class size holding teacher quality constant. On the other hand, the differences in class size between 1997 and 1999 for schools implementing CSR in 1998 or 1999 comes mostly from the hiring of additional teachers. Estimates of class size effects for this set of schools should combine the direct effect of class size with any related change in teacher quality.
Any fall in average teacher quality following the implementation of CSR should reduce the magnitude of the class size estimates obtained from the sample of late adopters. However, this approach does not capture any decline in teacher quality following either the departure of teachers to other schools with newly created positions or exits out of fourth or fifth grade to take advantage of the newly smaller classes in the early grades. Therefore it provides a lower bound estimate of the total change in teacher quality that accompanied the implementation of CSR.
The results show that other things equal, smaller classes raise mathematics and reading achievement in third grade, particularly for lower-income students. However, the pattern of estimates also suggests that program implementation led to a decline in average teacher quality for low-income students, partially offsetting the gains from smaller classes. The decline is most noticeable in high percentage black schools that almost certainly face some of the most difficult teacher labor markets in the state. Because changes in teacher experience account for only a portion of this decline, the alarming possibility exists that class size reduction as implemented in California may not benefit or may even harm some of the most disadvantaged students in the state over the longer term by leading schools to hire teachers from lower down the quality distribution.
The paper is structured as follows. Section 2 describes the data set and test score instrument used in California. Section 3 develops a teacher demand and supply framework focusing on the role of teacher certification. It then documents changes over time in a number of teacher characteristics following the implementation of CSR. Section 4 develops the empirical model used to analyze the relationship between achievement, class size, and teacher quality.
Section 5 reports the results, focusing on differences by student demographic characteristics, district and the timing of CSR implementation. Section 6 summarizes the analysis and discusses policies related to both class size and teacher quality.
Data Sources
The data come from the California Department of Education (CDE) and include all public elementary schools (grades kindergarten through six) in California with the exception of charter and alternative schools (such as special education schools). Four years of data are used: 1990-1991, 1995-1996, 1997-1998, and 1999-2000 (for ease of discussion we subsequently refer to an academic year by the calendar year in which it begins). Micro-data are not released by the CDE, but aggregate information on students, teachers and schools is available for each grade.
The data set combines student demographic data and test performance with information on average class size and teacher experience, certification, and education. Beginning in 1997, each
California public school student in second through eleventh grade took the Stanford Achievement 
California Public Elementary School Teachers: 1990-1999
The implementation of CSR led to a dramatic change in the composition of third-grade teachers in California public schools. Not only did the employment of third-grade teachers increase by more than 50 percent within two years, there was substantial teacher movement among schools and districts. In particular, there is evidence that inner city schools serving high poverty, high proportion black or Hispanic student bodies lost many teachers to more affluent communities. As we document below, this led to a substantial increase in the proportion of teachers lacking full certification and experience in these schools. Whether this portends a long-term decline in teacher quality depends upon the links between quality, certification, and teacher cohort size. We now draw upon previously developed models of teacher labor supply and demand in order to highlight issues particularly germane to California. Following this discussion is a description of the changes in California third-grade teachers following the implementation of CSR.
CSR and the Supply and Demand for Teachers
The teacher labor market depends upon a number of factors that affect both demand and supply. Recent work by Flyer and Rosen (1997) highlights the impact of the improvement in women's labor force opportunities on both demand and supply. While the effect on teacher labor supply may be ambiguous, the decline in the earnings of women teachers relative to women in other occupations suggests that the expansion of alternative opportunities reduced average teacher quality during the latter part of the 1900s (Hanushek and Rivkin, 1997) .
State licensing is another important factor that has an ambiguous effect on teacher quality.
Though education and training requirements in combination with any certification examinations may raise the skills of some prospective teachers, they may also discourage or even prevent others from entering the profession by raising the opportunity cost of teaching. Consider the demand for teachers by school s in a state such as California that requires a school to hire a fully certified teacher if possible. Equation (1) represents demand as a positive function of skill, certification, and other factors such as connections with specific teacher training programs and a negative function of teacher salaries.
(1) D s = f(skill, certification, other factors, salary)
Schools are assumed to rank order teachers on the basis of expected classroom effectiveness (i.e. skill), certification status, other factors and salary. Because schools value both skill and certification, in order to be preferred to a fully certified teacher, a non-fully certified applicant must be of higher expected quality, other things equal.
Equation (2) The magnitude and distribution of any changes in teacher characteristics following the implementation of CSR clearly depends upon both the details of the class size reduction, any commensurate increases in salary, and the elasticities of teacher supply for different types of schools. In terms of the first, Appendix Table 1 shows that CSR reduced third-grade class size from roughly 30 to 20 for all types of schools. As a result, the number of CSR-induced openings at a given school depended only on the size of the school, not on the characteristics of its student body.
With respect to teacher salaries, Appendix Table 2 shows changes over time in average earnings of 4 Evidence on non-pecuniary characteristics strongly suggests that teachers tend to prefer schools with lower percentages of poor, non-white and low performing students (Hanushek, Kain and Rivkin, 2001 1993-1995 to 1998-2000) increases the gap to ten percentage points.
Finally measures of supply conditions for different types of schools are not readily available, although Ballou and Podgursky (1997) Bohrnstedt and Stecher (1999) , Stecher and Bohrnstedt (2000) , and Betts, Rueben, and Danenberg (2000) also describe the distribution of public school teachers in California, though they do not focus on first and second year teachers or divide schools on the basis of student race/ethnicity and income. 6 The measure of poverty is actually the percent of students in the school who are eligible for free or reduced price lunch. For simplicity, we refer to this percentage as the percent free lunch. 7 The calculations assume that there is no systematic variation within schools by race or ethnicity in the probability of having inexperienced or uncertified teachers. 8 Because the free lunch variable is a crude measure of income, race/ethnic differences conditional on income may also reflect income differences not captured by the four free lunch categories. 9 See Rivkin, Hanushek, and Kain (2000) for evidence on teacher experience. evidence of such mobility in the first year following CSR implementation.
Certification
The left half of Table 2 reports the percentage of teachers who lack full certification. In 1990, there is virtually no systematic ordering by income. By 1995, non-certification rates have begun to climb, particularly in higher percent free lunch schools, although some of the increase is likely a result of better reporting of teachers with emergency credentials. There is no doubt, however, that non-certification rates increase dramatically following CSR. In 1997, the noncertification rates were between 3.3 and 6.1 percent for low poverty schools (0 to 25 percent free lunch), compared with a range of 12.0 to 27.9 percent for high-poverty schools (75 percent or more free lunch). Similar differences remain in 1999.
Within each income category, the increases in non-certification rates from 1995 to 1999 for blacks and Hispanics are noticeably higher than for Asians and whites. In 1999, between 23 and 28 of black and Hispanic students in high-poverty schools (75 percent free lunch or more) have teachers who lack full certification.
Education
One certification requirement for experienced teachers is the completion of 30 course hours in addition to a bachelor's degree. 10 The fact that education and certification are tied together is reflected in the right half of Table 2 . Similar to experience and certification, the percent of teachers with only a bachelor's degree rises monotonically with the percent free lunch. This pattern is evident for the entire decade. The difference between white and nonwhite grows following the class size reduction, and the percentage of teachers with no postgraduate education is far larger in the highest percent free lunch category for nonwhite students. Over one third of the teachers for black and Hispanic students, along with nearly 30 percent for Asian students, lack any education beyond the completion of a bachelor's degree. The broad based trend towards fewer teachers with only a bachelor's degree observed between 1990 and 1995 for all demographic categories is nowhere to be seen in 1999.
Large Urban Districts
The statewide trends reveal dramatic changes in teacher characteristics, but they almost certainly conceal substantial variation among metropolitan areas, particularly given evidence that teacher labor markets are highly localized (Lankford, Loeb, and Wyckoff, 2002) . Therefore the following table illustrates trends in experience and certification for each of the six largest school districts in California. Because of the smaller sample sizes and the high correlation between poverty and racial composition, the tables divide schools only by race/ethnicity.
The left half of Table 3 The distribution of the proportion of teachers without full certification presented in the right panel of Table 3 differs somewhat from the experience distributions. In some ways, the certification rates for the six largest districts mirror that of the state as a whole: essentially no uncertified teachers in 1990-1991 and 1995-1996 , followed by a large increase in 1997-1998 with the class size reduction. Furthermore, by 1999-2000 the percentage of not fully certified teachers is noticeably higher for nonwhite students than for white students. However, there is also substantial heterogeneity among the districts. In San Diego, only 5.6 percent of the teachers for black students and 8.4 percent of the teachers for Hispanic students do not have full certification despite the large numbers of new teachers. 11 In Long Beach, Los Angeles, and Oakland, on the other hand, over one fourth of black and Hispanic students have uncertified teachers, whereas the proportions for Asian and white students are similar to the statewide averages for these two demographic groups.
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11 An alternative explanation is that the certification data are quite poor in San Diego, raising questions about this aspect of the analysis. Similar concerns exist with the 1997-1998 data for San Francisco, where every single teacher claims to be fully certified. The regression analysis in subsequent sections is not affected by any possible problems with the data in San Francisco or San Diego. 12 Fresno has very few teachers without full certification in any of its schools.
Summary
These tables document substantial changes in the distributions of teacher characteristics in third grade in California during the 1990s. All of the shifts in experience, certification, and education should not be attributed to CSR, because Stecher and Bohrnstedt (2000) show that certification fell at the high school level as well. Nevertheless, the much larger changes in third grade concentrated around the time of class size reduction provide strong evidence that CSR altered the composition of the third-grade teaching force in important ways. Whether the changes in observable characteristics actually reflect a substantial decline in teacher quality is a key issue that we explore in the next two sections.
Empirical Model
California third-grade students, particularly nonwhites from low-income families living in large, urban districts, experienced dramatic changes in both class size and teacher characteristics following the implementation of CSR. The key question is how the reduction in class size and any accompanying changes in teacher quality affected student performance. This section develops the methods used to analyze the inter-relationship among class size, teacher quality, and achievement.
Previous Work
Recent research utilizes social experiments and innovative statistical methods to identify the causal effect of smaller classes holding teacher quality constant. The most prominent of these is the Tennessee STAR experiment. Students were randomly assigned to small classes or larger classes. A comparison between achievement in large and in small classes provides an estimate of the benefits of smaller classes but provides no information on changes in teacher quality. Krueger (1999) and Krueger and Whitmore (2001) find that smaller class sizes in kindergarten and first grade had a significant and lasting impact on achievement. However, Hoxby (2000) discusses potentially serious problems with the randomization of both students and teachers.
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Recent studies by Angrist and Lavy (1999) , Hoxby (2000), and Rivkin, Hanushek and
Kain (2000) identify plausibly exogenous variation in class size in order to learn more about the effects of class size on achievement (in Israel, Connecticut, and Texas, respectively). Except for
Hoxby (2000), the studies find that smaller classes significantly increase achievement in the early grades (grade 5 and below), and the effects tend to be larger for lower income students. Because data problems attenuate the estimates in Hoxby (2000), the overall pattern of results suggests that smaller classes raise achievement, other things held constant.
14 One important feature of these studies is that they go to great lengths to hold all other factors, particularly teacher quality, constant. However, an extensive class size reduction program such as that undertaken by California inevitably alters the composition and quality of the teaching force. Consequently the controlled experiment provides only partial information on the likely effect of reducing class size by ignoring its impact on teacher quality. Depending upon the elasticity of supply of teacher quality and teacher preferences along a number of dimensions, the existing estimates may seriously overstate the benefits of smaller classes, particularly for schools that have a difficult time attracting teachers.
The initial analysis of CSR conducted by the Class Size Reduction Research Consortium does consider the impact of changes in teacher quality. 15 Consortium evaluations of the effects of CSR on achievement compare schools that implemented CSR in the initial year with those that did not (although funding was available for all schools, some did not participate in the first year). In 13 Also see Ehrenberg et al (2001) for additional discussion of Project STAR. 14 In the Connecticut data used by Hoxby (2000) , tests are administered in the Fall. Therefore, the tests are regressed on class size for the previous school years. If a student moved into the school or district for the current academic year, he or she would receive an erroneous measure of class size. Such measurement error attenuates the estimates of class size effects on achievement.
order to account for differences between schools that did and did not implement CSR in a timely manner, demographic information and fourth or fifth grade test scores are used as controls.
Essentially these difference-in-difference estimators compare the difference between third and fifth grade test scores in schools that adopted CSR to the difference in schools that did not. The validity of this approach rests on the assumption that the timing of CSR implementation did not affect achievement in non-CSR grades. But the CSR Consortium documents large increases in inexperienced teachers in the fourth and fifth grades following CSR even though the program had no direct effect on class sizes in these grades (Stecher and Bohrnstedt, 2000) . In combination with estimates presented below showing that changes in fifth grade average achievement are systematically related to changes in third-grade class size, this raises serious doubts that this method produces consistent estimates.
The approach adopted in this paper relaxes some of the more problematic assumptions underlying the Consortium evaluation in an effort to obtain better estimates of the effect of CSR.
Moreover, it attempts to gain a more comprehensive understanding of the links between class size reduction, teacher quality, and student achievement.
Empirical Model
The implied model that lies behind this analysis has the general form: The entire histories of these inputs are not available for this study or any other, and achievement is not reported for individuals. The inability to follow students over time negates the possibility of analyzing the rate of learning with a value added model. As mentioned above, the focus is on third grade due to data limitations for other grades affected by CSR. Consequently, we utilize data from 1997 and 1999 to estimate the following levels model for third grade achievement:
Equation (4) Because the limited set of explanatory variables omits many important current and past determinants of achievement, OLS estimation of equation (4) would almost certainly confound the effects of the specific measured elements with unobserved differences in family and community background as well as individual skills and motivation. In an effort to minimize any bias, we make use of the availability of two years of data and estimate a model of school fixed effects that uses only within school variation over time to identify the coefficients. Not only does the fixed effects approach remove all time invariant school characteristics (θ s ), it also controls for school average family influences that are constant over time. For example, if some school districts tend to attract more highly educated parents than others, the persistent aspect of the education gap will be removed. However, if changes in class size are correlated with unobserved factors that also affect achievement, the fixed effect estimates will be biased.
In the case of California, two potentially confounding factors would appear to be most important. The first is teacher quality. If a reduction in class size that requires additional teachers tends to dilute unobservable teacher quality (i.e. decrease ω), the class size coefficients will conflate the true class size effect with the change in quality, because cov(CS, ω) will not equal zero, conditional on the included explanatory variables. Rather cov(CS, ω)>0, and the estimated class size effects will be biased toward zero.
The second potential impediment to the identification of the benefits of smaller classes relates to the sources of class size differences between 1997 and 1999. One factor that contributes to changes over time in class size is fluctuations in enrollment. CSR participants in both years experience annual fluctuations in class size driven by small enrollment differences among cohorts.
Controlling for changes in student characteristics, this type of natural variation first used by Hoxby Hoxby (2000) argues that enrollment differences that are not de-trended may be correlated with unobserved changes in family background. However, we find that the exclusion of the set of student demographic variables has no effect on the class size coefficients, meaning that any omitted variables bias would have to come from variables orthogonal to these very important predictors of achievement. 19 Omitted factors would have to be correlated with the change in class size in order to introduce bias. to teacher quality. Because these three characteristics almost certainly explain only a smaller portion of the quality variation, that is unlikely to be the case. Instead, if schools adopting CSR were forced to hire from further down the teacher quality distribution, the inclusion of the three teacher characteristics would not eliminate difference between α Cslate and α CSearly . The magnitude of any quality decline depends upon teacher labor supply conditions for a school, and the previous section showed that there is likely to be substantial variation by student demographic characteristics and other factors. Consequently, we allow the effects of CSR and estimates of the change in teacher quality to vary by student demographics and district.
Although the difference between estimates of α CSlate and α CSearly provides some information on the change in teacher quality that accompanied the implementation of CSR, it does not capture potentially important sources of quality decline. First, CSR may have affected teacher quality in other grades. A decline in class size from thirty to twenty certainly makes teaching third grade relatively more desirable than teaching fourth or fifth grade, and the rise in the share of rookie teachers in these grades indicate that many teachers moved to earlier grades in order to take advantage of the now smaller classes. Consequently any decline in quality was likely spread across all grades, and we examine the link between fifth grade achievement and third grade class size.
Second, teacher quality may also be affected by hiring in neighboring districts or other schools in the same district. Consider two schools in Los Angeles Unified school district, one in a middle class neighborhood in the San Fernando Valley and the other in a high poverty area of South Central Los Angeles. Class size reduction in the San Fernando Valley school opens up additional jobs that may be filled by teachers currently working in South Central if they have the appropriate level of seniority. There may not be any decline in quality in the San Fernando Valley school, but teacher quality could fall at the school in South Central if that school is unable to find suitable replacements. Because any such decline in teacher quality is not linked to the magnitude of class size change at the affected school, it will not be captured by the methods used in this paper.
Again this suggests that a comparison of third grade class size coefficients by the timing of CSR implementation will understate any decline in teacher quality associated with the program.
Finally, any measurement error in the class size variable would almost certainly reduce the gap between estimates of α CSlate and α CSearly , because the ratio of signal to noise would be much larger for late adopters.
Class Size, Teacher Characteristics, and Student Achievement
This section reports the results from the analysis of mathematics and reading achievement for the state as a whole and for a set of large urban districts. Though micro-data are not available, estimates are permitted to vary by student demographic characteristics in order to investigate possible differences in both teacher labor supply conditions and direct effects of class size.
Baseline results are reported prior to the examination of differences by CSR timing. All class size estimates are negative and highly significant. Consistent with recent research on Texas, the effects on reading are roughly seventy percent as large as the effects on mathematics. 20 The class size estimates are quite insensitive to the inclusion of the other teacher characteristics, probably because most schools had already implemented CSR by 1997 and the change in class size is not highly correlated with changes in experience, percent not fully certified, or education. Importantly, the class size and teacher characteristic estimates are also quite insensitive to the inclusion of the student characteristics. Therefore any omitted variables bias must be orthogonal to student income and race/ethnicity, significant predictors of achievement.
Baseline Results
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Each one student decrease in class size raised the percentage who exceeded the median mathematics score by approximately 0.4 points and the percentage who exceeded the median reading score by roughly 0.3 percentage points. Therefore, the ten student average decline due to CSR raised the percentages that exceeded the median by approximately 4 percentage points in mathematics and 3 percentage points in reading. Further interpretation of the magnitude of these effects is difficult for two reasons. First, the dependent variable measures the percentage that crosses a threshold rather than the number or percentage correct. Second, the link between these test scores and ultimate effects on educational attainment, earnings, and other important outcomes is not known.
In terms of the teacher characteristics, the findings in Table 4 contradict some of the established views on the determinants of quality. First, consistent with other studies, the table 20 See Rivkin, Hanushek, and Kain (2000) . 21 Similarly, Altonji, Elder, and Taber (2000) find that their coefficient of interest (Catholic schooling) is not sensitive to the omission of subsets of observable characteristics. More generally, they demonstrate that selection on unobservables must be greater than selection on observables in order to eliminate the causal effect of Catholic schooling on high school graduation and college attendance rates.
provides little or no evidence that postgraduate education improves teacher quality. None of the coefficients on percent B.A. only are significant at any conventional level, and all are extremely small. Further dividing teachers on the basis of a master's degree (not reported) does not change the results. Second, none of the specifications produce a positive and significant relationship between achievement and the percentage of teachers not fully certified. As discussed earlier, this result is not that unexpected if uncertified teachers must be of higher quality in order to be hired in districts that could choose a fully certified teachers instead. Appendix Table 4 shows that the results for certification are sensitive to the model specification. In particular, the failure to account for the highly nonlinear gains to experience that are concentrated early in the career can lead to upwardly biased estimates of the gains to certification (see columns 1, 2, 5, and 6). If such gains are controlled, however, the results are not sensitive to the taxonomy used to classify teachers lacking full certification.
On the other hand, the results for experience in Table 4 are consistent with prior expectations. For both mathematics and reading, the percentage of students who exceeded the 50 th percentile in a class with a new teacher was roughly 3 percentage points lower than in classrooms with teachers with at least two years of experience. All of these estimates are highly significant.
Although all coefficients on percentage of teachers with one year of experience are also negative, none are significant.
Differences by Student Demographic Composition
A number of studies find that class size and teacher experience effects are larger for lowincome or nonwhite students. In order to examine whether this holds in California we interact class size and the teacher characteristics with the percentages of free lunch and black students. The most striking pattern in Table 5 is that the effect of class size increases as percent low income increases but not as percent black increases. The larger and significant positive interaction term with percent black indicates that an additional black reduces the benefit from smaller classes even if that student is poor. 22 The effects for teacher experience in Table 5 are less precise, but they show the same pattern as class size. In contrast, there is no evidence that having a teacher without full certification or without any postgraduate training imposes a larger cost on low-income or nonwhite students.
Did CSR Reduce Teacher Quality?
The results in Tables 4 and 5 provide only partial information on the total impact of CSR.
Most schools had already reduced class size by 1997, the first year of the sample (and the second year of CSR). Any changes in teacher quality not captured by the included characteristics are ignored because the tests were not administered prior to the implementation of CSR at the majority of schools. Therefore we split the sample on the basis of CSR timing in order to gain a better understanding of the relationship among class size, teacher quality, and achievement. As previously discussed, the class size coefficients estimated from the sample of schools that adopted CSR as of 1997 provide estimates of the pure effect of class size, whereas those estimated from the late adopters combine this direct effect of class size with accompanying changes in teacher quality. Table 6 reports mathematics and reading class size coefficients from specifications based on equation (5) that divide schools on the basis of CSR timing. Three regressions are estimated for both mathematics and reading. For each regression, "Class Size/Late Adopter" and "Class Size/Early Adopter" capture the baseline class size effects for the students in late adopting and early adopting schools, respectively, while "Class Size Interaction…/Late Adopter" and "Class Size Interaction…/Early Adopter" capture any interactions with percent free lunch or percent black for students in the two groups of schools. Schools that did not adopt CSR as of 1999 were excluded from the analysis that underlies Tables 6 and 7 .
The similarity of the late adopter and early adopter class size coefficients in Column 1 reveal little or no evidence that the quality of third-grade math instruction systematically declined following the implementation of CSR. In the case of reading the early adopter coefficient in Column 4 is roughly 50 percent larger, though not significantly different at the 10 percent level.
However, the previous section suggested that the dynamics of the teacher labor market are likely to vary systematically by school demographic composition and other factors, and the direct benefits of smaller classes may also vary by these same factors. Therefore the remaining columns report results from regressions that permit class size effects to vary by both demographic composition and the timing of CSR implementation. An important question is whether the decline in teacher quality suffered by schools with a high percentage black enrollment is temporary or longer term. Given the difficulties faced by new teachers, teacher quality would be expected to fall in most schools just implementing CSR because of the need to hire large numbers of new teachers (schools in more affluent communities may be an exception if they tend to fill new positions with experienced teachers). This decline, which would occur even if these schools continued to hire from the same pool of applicants, is an unavoidable short-term cost of reducing class size that would disappear as these new teachers acquired more experience. Table 7 reports mathematics and reading class size coefficients from specifications based on equation (6) that include teacher characteristics. The results for mathematics indicate that the addition of the teacher characteristics, most importantly experience, reduces the percent black/class size interaction coefficient in Column 2 from 0.0109 (in Table 6 ) to 0.0088 (in Table 7 ) for students in schools that implemented CSR in 1998 or 1999; there is little change for the early adopters. Roughly twenty percent of the decline in class size effects for these students is eliminated by the inclusion of teacher experience, indicating that a portion of the decline in teacher quality is temporary. However, differences in teacher experience do not account for most of the apparent decline in teacher quality that accompanied the adoption of CSR. This finding suggests that some schools were forced to draw from further down the quality distribution and that lower average instructional quality is likely to persist for students in high percentage black schools.
As noted earlier, this approach potentially underestimates any decline in teacher quality for a number of reasons including the possibility that any decline in teacher quality was spread across both CSR and non-CSR grades. In order to provide additional evidence, we consider the relationship between fifth-grade achievement and third-grade class size. The results in Table 8 from specifications that exclude 5 th grade teacher characteristics but include 5 th grade class size
show that a ten student reduction in third-grade class size led to roughly 2.0 to 2.4 percentage point decline in the percentages of fifth-grade students who exceeded the national medians in mathematics and reading in schools with 60 percent black enrollment. In addition, it appears that changes in the percentages of fifth grade teaches with zero and one year of experience account for roughly one fourth of the decline in fifth grade teacher quality associated with the reduction in third grade class size; the inclusion of fifth-grade teacher experience reduces the size of the coefficient on third grade class size by roughly 25 percent. Similar to the evidence for third grade, the findings for fifth grade suggest that in higher percentage black schools, CSR led to both the need to hire a number of inexperienced teachers and a decline in average quality conditional on experience.
Labor Market Differences Across California
Because of potential differences in teacher labor market conditions, the findings for the state as a whole may conceal substantial variation among districts in the change in teacher quality and benefits of CSR. It would be very interesting to compute separate estimates for each of the large districts across the state, but small sample sizes would make this an uninformative exercise with the exception of Los Angeles. Therefore Table 9 reports results for third-grade achievement in the state as a whole, Los Angeles Unified school district, the next five largest districts combined, and all districts other than Los Angeles. Note that at least one third of schools in teach of the six largest districts adopted CSR late, providing the necessary conditions for a decline in teacher quality between 1997 and 1999. However, because school-to-school teacher transfers are commonplace in large districts, the link between CSR timing and any decline in teacher quality within district is much weaker. In combination with the very small sample sizes, this limits the value of dividing the sample for this part of the analysis.
The results in Table 9 suggest that high percentage black and high percentage low income schools in LA Unified suffered large declines in mathematics achievement in response to CSR regardless of whether teacher characteristics are included in the regressions. Specifically, the interaction term between percent black and class size is nearly twice as large in LA Unified as in the state as a whole (see Table 5 ), and the low income interaction is also positive and statistically significant. By comparison, the interaction between class size and percent black for the next five largest districts is much smaller and imprecisely estimated. For all districts other than Los Angeles, the final column reveals a much smaller and less significant positive interaction with percent black that is of the same magnitude as the interaction with percent low income. Finally, the results for reading are much less precisely estimated but suggest similar disparities between LA Unified and either the state as a whole or the next 5 largest districts.
Summary and Policy Implications
The characteristics of teachers and classrooms changed dramatically during the 1990s for all demographic groups. The now standard class size of 20 students for grades K through 3 is roughly one third smaller than the average just six years ago, and the results suggest that smaller classes increased mathematics and reading achievement, other things equal. Yet the rapid expansion of the teaching force needed to staff the additional classes has led to a dramatic increase in the percentage of teachers who lack full certification, who have no postgraduate education, and who are in their first or second year of teaching. These changes have been concentrated in highpercentage nonwhite and free lunch schools, particularly those in Los Angeles. For example, in 1999, nearly 30 percent of the teachers in these schools were not fully certified, while over 10 percent were in the first year of teaching. Overall, the income and race/ethnicity gaps in teacher quality widened along virtually all measured characteristics between 1995 and 1999.
Although neither teacher education nor certification appear to be strongly related to teacher quality as measured by student performance, the pattern of estimated class size effects suggests that teacher quality has deteriorated for students attending schools in which a substantial percentage of the student body is black; this effect is particularly striking in Los Angeles Unified School District.
The rise in the incidence of rookie teachers explains a portion of the decline, but it appears that these schools were hiring and retaining teachers from lower down the quality distribution following the implementation of CSR.
This conclusion that a decline in teacher quality offset the benefits of smaller classes is not based on observable measures of quality. Rather it rests upon the assumption of sizeable differences in teacher effectiveness that are not well captured by the included variables. In other words, we believe that the decline in observable teacher characteristics (i.e. a higher proportion of uncertified teachers with little or no experience) is accompanied by a similar decline in unobservable teacher quality for both certified and non-certified teachers. There may be other explanations for the observed pattern of class size estimates, such as differences in other school resources that are correlated with the change in class size, but we believe that the most plausible explanation is a decrease in teacher quality following the implementation of CSR.
These findings highlight the importance of the elasticity of the supply of teacher quality in the determination of the benefits from class size reduction. Although that supply might be highly elastic in schools serving middle-or upper-income students, the results are consistent with the view that schools serving a predominantly black student body face severe difficulties in attracting and retaining high-quality teachers. Persistent teacher shortages in New York City illustrate the challenge of staffing schools that serve disadvantaged children, particularly those in urban districts in which senior teachers are able to choose their preferred school. 23 Similar teacher shortages in California's largest cities, the impending retirement of a large share of teachers, and the expanding wage opportunities for women outside of teaching all suggest that this phenomenon is neither short term nor limited to California.
There are potential policy levers for reducing the adverse costs of class-size reduction by making the supply of teacher quality more elastic. Evidence that certification is only weakly related to quality, particularly for low-income and nonwhite students, and the lack of association between teacher education and student outcomes strongly suggests that personnel policies should be reexamined. Removing the link between postgraduate education and pay and relaxing or eliminating many certification requirements would lower the cost of becoming a teacher with arguably little cost in terms of preserving quality. Higher pay, particularly for teachers who serve disadvantaged students, also may be necessary in order to attract and retain higher-quality teachers.
The unintended consequences of class-size reduction could probably be reduced if the program were targeted toward schools serving disadvantaged populations. Evidence consistently shows that non-disadvantaged students obtain quite small gains from smaller classes, particularly in comparison to those with low family income. In a more fundamental way, the targeting of large sums of money for statewide or nationwide class-size reduction would appear to be a faulty approach to improving school quality. School and district circumstances including personnel considerations are far too disparate for such a blunt, "one-size-fits-all" program. Rather, policies should accommodate the fact that schools and districts face very different constraints and have very different needs. Notes: Schools are divided into four categories according to the percentage of students eligible for a free lunch. Then, the average of each teacher characteristic is calculated from all the schools in that free lunch category. In the case of the final row ("All Students"), schools are weighted according to total enrollment, and the reported percentage reflects the average for all students in that income category. In the other rows the calculations weight each school by the number of students in the specific racial/ethnic group (e.g. Asians in the case of the first row) thereby creating averages for students in each of the four racial/ethnic groups. Notes: Schools are divided into four categories according to the percentage of students eligible for a free lunch. Then, the average of each teacher characteristic is calculated from all the schools in that free lunch category. In the case of the final row ("All Students"), schools are weighted according to total enrollment, and the reported percentage reflects the average for all students in that income category. In the other rows the calculations weight each school by the number of students in the specific racial/ethnic group (e.g. Asians in the case of the first row) thereby creating averages for students in each of the four racial/ethnic groups. 1990-91 1995-96 1997-98 1999-00 1990-91 1995-96 1997-98 1999- Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP students who exceed the 50th percentile on a nationally determined basis. All regressions include school fixed effects, percent black, percent Hispanic, percent Asian, percent free lunch, percent LEP, a dummy variable for the year 1999, and the 1999 year dummy variable interacted with a dummy variable for schools adopting CSR in 1998 or 1999. Regressions are weighted by the number of test takers. Models controlling for teacher characteristics also include percent new teachers, percent with one year of experience, percent without full certification, and percent with only a bachelor's degree. Each column represents a separate regression. 
